INTRODUCTION
The role of secondary compounds in mediating biological interactions of terrestrial plants is well established. Plant-herbivore and plant-pathogen interactions have been the focus of chemical ecologists (e.g. Feeny 1975 , 1976 , Rhoades 1979 , Berenbaum et al. 1986 , Simms & Rausher 1989 , Simms & Fritz 1990 , Goodman 1993 , Mauricio & Rausher 1997 , Mauricio 1998 , Agrawal et al. 1999 , in part because plants rely heavily upon chemical and structural defenses. Research has focused on the ecological relevance of secondary compounds and the roles of various selective factors in shaping the chemistry of plant populations (e.g. Ellis et al. 1977 , Dirzo & Harper 1982 , Berenbaum et al. 1986 , Simms & Rausher 1989 , Simms & Fritz 1990 , Mauricio & Rausher 1997 , Mauricio 1998 . For example, Berenbaum et al. (1986) found that parsnip webworms applied a selective force that changed the concentrations at which deterrent chemicals were present in wild parsnips (Berenbaum et al. 1986) . Similarly, there is evidence that herbivores and fungal pathogens act as selective forces that favor increased glucosinolate concentrations in Arabidopsis thaliana (Mauricio & Rausher 1997) . Glucosinolate concentrations are low in populations without these enemies because of glucosinolate costs, but are high in the presence of intense selective factors through fitness benefits to A. thaliana (Mauricio & Rausher 1997) . Plant resistance is also strongly influenced by environment, one component of which is inducible resistance (Karban & Baldwin 1997 , Agrawal et al. 1999 . Plant pathogen interactions have provided a particularly good system for analyses of inducible resistance. Inducible resistance to pathogens has been identified in many plant taxa and includes hypersensitive responses, oxidative bursts, chitinase, salicylic acid, proteinase inhibitors and pathogen-activated proteins (Karban & Kuc 1999) . Less is known about how selection acts on the norm of reaction for resistance and how constitutive and inducible resistance change with selection. In wild parsnips, inducible and constitutive resistance are correlated and selection favors higher inducible resistance (Zangerl & Berenbaum 1990) .
As in terrestrial habitats, benthic marine environments are often characterized by a large population of sessile, soft-bodied organisms that rely on chemical and structural means to reduce predation, competition, herbivory, and disease. Some of these invertebrates and algae produce complex mixes of secondary chemicals that may play critical roles in biological interactions (Paul 1992) . For example, gorgonian corals produce a wide array of anti-bacterial (e.g. Kim 1994 , Slattery et al. 1995 , Jensen et al. 1996 , anti-fouling (Targett et al. 1983 , Standing et al. 1984 , Wilsanand et al. 1999 anti-fungal (Kim et al. 2000a,b) , and/or predator (e.g. Pawlik et al. 1987 , Sammarco et al. 1987 , Harvell et al. 1988 , Harvell & Fenical 1989 , Pawlik & Fenical 1989 , Fenical & Pawlik 1991 , Van Alstyne & Paul 1992 , Cronin et al. 1995 , Slattery 1999 ) -and competitor (e.g. Sammarco et al. 1983 , Rittschoff et al. 1985 , La Barre et al. 1986 ) -deterrent secondary compounds. Although these chemical constituents have biological activity, their ecological relevance is still under investigation, and specific ecological roles of secondary chemicals in nature are not well understood. Especially unknown are the selective pressures (i.e. predation, herbivory, disease) that have played a role in the evolution of gorgonian secondary chemicals.
For evolution by natural selection to occur, a selective pressure must act differentially on the various genotypes within a population. Studies with marine algae (e.g. Hay & Fenical 1988 , Hay 1998 , Van Alstyne & Paul 1989 , Cronin & Hay 1996 , gorgonians (e.g. Harvell & Fenical 1989 , Van Alstyne & Paul 1992 , Harvell et al. 1993 , Cronin et al. 1995 , Slattery 1999 , Kim et al. 2000a , and sponges (e.g. Paul 1992 [review], Pawlik et al. 1995 , Becerro et al. 1998 , Swearingen & Pawlik 1998 ) have documented significant within-species variation in secondary metabolite production. In addition, the variation in extract composition (compounds and concentrations) within an organism (Harvell & Fenical 1989 , Cronin et al. 1995 , Kim et al. 2000a and among populations of a single species (Hay & Fenical 1988 , Hay et al. 1989 , Harvell et al. 1993 seems substantial. The roles of genotype versus environment in causing chemical variation are unknown (Harvell et al. 1993 , Hay & Fenical 1996 , Hay 1998 . However, analogous studies on plants have uncovered genetic variation in patterns of secondary metabolites within plant species (Berenbaum et al. 1986 , Herms & Mattson 1992 [review], Agrawal 1999 , and studies on morphological traits in other colonial invertebrates have detected genetic and environmental components in induced trait values (Harvell & Fenical 1998 , Harvell 1999 , Alker et al. 2000 .
Observations on the changing pattern of chemical resistance across populations of a single species under selection can reveal the role of a selective agent in structuring the chemistry of host populations (Endler 1986 , Jarosz & Burdon 1991 , Herms & Mattson 1992 . Geographic variation in chemical resistance will be partly the outcome of environmental variation and past selection. However, the results of strong current natural selection should be detectable, even if obscured by history. A decrease in the variation in resistance suggests that directional selection (i.e. selection for highly chemically defended individuals) is occurring (Endler 1986 ). Thus, under a simple resistance and selection model, strongly selected populations should show elevated chemical resistance and less variation due to the elimination of susceptible individuals from the population. Kingsolver et al. (2001) noted consistently low ability in a range of studies to detect strong directional selection in the wild. However, their review included no studies of pathogen impact on host resistance, a situation where strong directional selection might prevail.
Disease has been shown to be a selective agent in terrestrial plants (e.g. Simms & Rausher 1989 , Simms & Fritz 1990 , Jarosz & Burdon 1991 , Mauricio & Rausher 1997 , Shykoff et al. 1997 , Mauricio 1998 , Burdon & Thrall 1999 but not yet in tropical marine species, despite community shifts due to recent mass mortalities caused by disease (reviewed by Harvell et al. 1999) . A recent outbreak of aspergillosis, a fungal disease infecting Gorgonia spp. (sea fan corals) throughout the Caribbean (Nagelkerken et al. 1997a,b) , provides an opportunity to assess selection on chemical disease resistance, the ability of chemical defenses to inhibit growth of the disease-causative agent. The detection of sites with relatively high disease severity compared to neighboring sites (Kim & Harvell 2001 ) makes this a tractable study system for examining the role of disease as a selective agent shaping the secondary chemistry of G. ventalina.
Little is known about the mechanisms of coral disease resistance (Peters 1983 , Richardson 1998 ). The identification of Aspergillus sydowii as the fungal pathogen in the current epizootic outbreak (Smith et al. 1996 , Geiser et al. 1998 ) offers an opportunity to study local and geographic patterns in chemical resistance because the fungus grows well in culture and direct assay of anti-fungal resistance is possible (Kim et al. 2000b ). Aspergillosis of sea fans is characterized by tumors, galls, tissue necrosis that leads to lesions, and purpling of the tissue (Fig. 1) . In monitoring conducted at 5 sites in San Salvador, Bahamas, in December 1996, disease prevalence and severity were approximately 60%, and prevalence was higher on larger fans (Nagelkerken et al. 1997b) . In a similar monitoring survey conducted at 5 sites in the Florida Keys, USA, in 1997, disease prevalence (% diseased sea fans) was approximately 47%, disease severity (% affected tissue per diseased colony) approximately 23%, and mortality approximately 15%; prevalence was again higher on larger fans (Kim & Harvell 2001 ). These mortality rates are much higher than the adult colony survival rates of 95% obtained from long-term studies on gorgonian survivorship in the absence of disease (Lasker 1990 ), suggesting strong selection by the fungus.
Working at sites spanning the length of the Florida Keys, Florida and San Salvador, Bahamas, we tested the following hypotheses: (1) Chemical resistance is partially responsible for patterns of disease susceptibility in Gorgonia ventalina. We predicted that chemical extracts of diseased fans are less potent than healthy fans. In addition, we predicted that extracts of large fans are less potent than those of small fans, thus explaining higher disease prevalence in larger fans.
(2) Local and geographic variation reflects disease selection shaping chemical defenses of sea fan populations. We predicted that colonies from sites most impacted by the disease will show higher mean and lower variation in chemical resistance than relatively unaffected sites. 
MATERIALS AND METHODS
Field component. Samples were collected (May and June 1999) from Gorgonia ventalina colonies at 9 sites in the Florida Keys, USA: Carysfort, Little Grecian Rocks, Sombrero, Molasses, Conch, Alligator, Looe, Western Dry Rocks, Marquesas Reefs (Fig. 2) ; and from 3 sites in San Salvador, Bahamas: Lindsey, Witches' Cauldron, Snapshot Reefs. The Florida Keys sites spanned 325 km, and sites were on average 40 km apart. In contrast, the San Salvador sites were within 4 km of each other. Depth was approximately 7 m at all sites except Witches' Cauldron, a site adjacent to Snapshot Reef, where depth was 15 m. Disease prevalence varied across sites. Using SCUBA, samples were collected (approximately 4 cm 2 ) from the edges of 30 haphazardly chosen colonies (> 30 cm). A distribution of healthy and diseased colonies of variable sizes was collected at each site. For each sampled colony, height (base to tip) and disease status were noted. Diseased colonies were identified by tissue necrosis, purpling, and lesions ( Fig. 1 ). Samples were immediately frozen on ice, transported on dry ice to Cornell University in Ithaca, NY, and stored frozen at -20°C until extraction. On the same dives in the Florida Keys, data were collected on the prevalence and severity of disease on three 25 × 2 m transects per site (see Kim & Harvell 2001) .
Laboratory component. To test the hypothesis that low prevalence of disease in small colonies is due to increased resistance to disease, an inoculation experiment was performed at Keys Marine Laboratory, FL, from July 9 to 17, 1999. The effects of Aspergillus sydowii on young (height > 4.3 cm, <10.4 cm) and mature (height > 30 cm) Gorgonia ventalina colonies were determined. The designations young and mature could be confidently assessed because young colonies were just past initial recruitment and mature colonies were all substantially larger. Whole young colonies (n = 20) and two 10 cm 2 clonal replicates of each of 13 mature colonies were collected at Tennessee Reef, transferred in seawater to Keys Marine Laboratory and suspended in approximately 3000 l mesocosms (n = 3) with flowing seawater. In each mesocosm, 6 to 7 young colonies and 8 to 10 mature colonies were suspended from lines across the mesocosms. After a short acclimation period, fans were inoculated by securing experimental gauze strips (young, n = 14; mature colonies, n = 13) covered with a thin layer of peptone yeast glucose) PYG agar (0.2% peptone, 0.2% yeast extract, 0.5% glucose, 3.6% bactoagar, 0.005% Tetracycline [Calbiochem, CA] ) with 3 to 5 d growth of a Key West strain of A. sydowii (identified by DNA sequence analysis by G. Smith). Control strips (young, n = 6; mature colonies, n = 13) also secured via slits in the colony mesh, were covered only with a thin layer of sterile agar. Strips were removed after 2 d, and lesion sizes were measured daily for 6 d. At the end of the experiment, colonies were frozen on ice, transported on dry ice to the Cornell University laboratory in Ithaca, NY, and stored frozen at -20°C until extraction. This successful inoculation protocol was developed through several trials in both laboratory and field settings.
The inoculation experiment also allowed us to examine the importance of anti-fungal induction in this system. Activation of high levels of resistance in response to pathogen attack would potentially obscure our ability to detect changes in constitutive levels of resistance at high pathogen sites. By measuring antifungal resistance before and after inoculation in the experiments, we could estimate the magnitude of this environmental component. The importance of inducible resistance would also be indicated if levels of antifungal activity were significantly higher in diseased than healthy corals in the survey data.
Extraction. Samples from the field collection were extracted twice for 24 h each in 20 ml acetone at room temperature, then dried under reduced pressure and nitrogen. Acetone was used as the extracting solvent because of its ability to dissolve polar compounds, its volatility, and its lower toxicity to the fungus compared to ethanol. Extracts were transferred to pre-weighed scintillation vials, weighed, and subsequently stored at -20°C until assayed. Remaining coral pieces were dried overnight at 60°C and weighed to obtain dry coral weights. The relative amount of extract per sample was standardized by calculating extract per g dry coral weight (EPCW, mg g -1 ). Colonies from the inoculation experiment were extracted as above, but using dichloromethane (DCM) at -20°C. DCM is an effective solvent in extracting antifungal activity . A 4 cm 2 piece of each colony, which included the site of inoculation, was Table 2) extracted. All extracts were assayed using the procedure outlined below. Anti-fungal growth assay. A growth assay was developed to compare the activity of different extracts against Aspergillus sydowii. Each sample, including controls, was assayed in triplicate according to the following procedure: 75 µl of sample (standardized at 20 mg ml -1 acetone) was spread on PYG agar (0.2% peptone, 0.2% yeast extract, 0.5% glucose, 3.6% bactoagar, 0.005% Tetracycline) in a 30 mm × 10 mm petri dish. The lid was left ajar for 40 min to allow the acetone to evaporate. Preliminary tests showed that a 40 min drying time was optimal for minimizing variation ( Variation in fungal growth rates among assays was minimized by using a stock spore suspension (Rex et al. 1993 ). The stock suspension was made with spores of Aspergillus sydowii isolated from San Salvador, Bahamas (Smith et al. 1996) and filtered through gauze to remove hyphal mats and then suspended in de-ionized water at a concentration of 2 150 000 spores ml -1 . This spore suspension was stored frozen at -80°C, and a fraction was thawed for each assay. To ensure that freezing the spore suspension did not reduce spore viability over time, extracts (n = 30) from Alligator reef were assayed against (1) fresh spore suspension (before freezing), (2) spore suspension after 14 d at -80°C, and (3) spore suspension after 4 mo. Repeatability of the assay was demonstrated because mean growth rate did not differ significantly among assays: mean (1) , repeated-measures ANOVA, F = 0.0076, df = 2, p = 0.9924).
After 3 d at 25°C, circular Aspergillus sydowii colonies were visible. Colony diameter (2 perpendicular measurements per plate) was measured at 24 h intervals for 3 consecutive days with a computer-integrated camera and analyzed with NIH Image 1.61 (US National Institute of Health). Because diameter growth rate of A. sydowii is approximately linear after a short lag when extract is added (Alker et al. 2001) , Day 3 -Day 2 area growth was used to estimate daily growth rate, where area = π(diameter/2) 2 . Percent area growth inhibition of A. sydowii relative to the average of noextract and acetone controls was used as a measure of extract activity.
Reproducibility of the assay was assessed in multiple controls. Each assay included 3 controls: acetone (negative control to test for solvent effect), standard (a combination of 2 Gorgonia ventalina extracts from Little Conch Reef in the Florida Keys), and no extract. As a further check, samples from Alligator and Molasses Reef were run in multiple assays. Mean daily growth rates of Aspergillus sydowii with sea fan extract (n = 30) were repeatable over time for Alligator Reef: (mean (1) ; paired t-test, t = 0.420, df = 29, p = 0.677).
Statistical analyses. Parametric statistics were used where normality (Kolmogorov test) and homogeneity of variances (Levene test) assumptions were satisfied. Percent growth inhibition data from anti-fungal assays were natural log-transformed and lesion sizes from the inoculation experiment were natural log plus 1 transformed to satisfy parametric statistics assumptions. In cases where parametric assumptions could not be met, even with transformation, non-parametric statistics were employed. ANOVAs were conducted with Data Desk 6.0 (Velleman, Data Description), Kruskal-Wallis, Mann-Whitney and Student's t-tests with Statview 4.5 (Feldman, Gagnon, Hofmann, and Simpson, Abacus Concepts), and regression analyses with JMP 3.1.6 (SAS Institute).
RESULTS
The growth rate of Aspergillus sydowii on Gorgonia ventalina extracts averaged 21.93 mm 2 d -1 over all samples. This was significantly lower than 37.82 mm 2 d -1 observed on control plates (paired t-test, t-value = -9.616, df = 8, p = < 0.0001). Thus, coral extracts inhibited the growth of A. sydowii by 42.0% on average, with a range of 13 to 83%.
Extracts that inhibited growth of Aspergillus sydowii most were considered most active. A regression analysis was performed to test the hypothesis that extract activity across sites varied with extract per dry coral weight (mg g -1 ), colony height, colony disease status, and site. Regression yielded modest predictive ability (Table 1) . EPCW and height were negatively related to activity, and site contributed significantly (Table 1) . Disease status was not related to extract activity (Table 1) .
Inoculation experiment
In laboratory mesocosm experiments, mature colonies were more affected by inoculation than were young Gorgonia ventalina colonies. Of the mature colonies, experimental and control, 46% (n = 12) developed lesions > 50 mm 2 . Of these, only one healed completely by the end of the experiment (8 d). In contrast, only 10% (n = 2) of the young fans developed significant lesions (lesion > 24 mm 2 < 30 mm 2 ), both of which healed completely by the end of the experiment. Lesions surrounding treatments on mature colonies were significantly larger than those on young colonies ( Fig. 3a ; Mann-Whitney, Z = -3.357, p = 0.0008). Experimental (E) lesions did not differ from control (C) lesions on mature ( Fig. 3a; paired t-test, t = -1.284, p = 0.2232) or young ( Fig. 3a ; Mann Whitney Z = -1.353, p = 0.1761) colonies. Extract activity did not differ among mature (M) and young (Y) colonies ( Fig. 3b ; Mann-Whitney Z = -0.313, p = 0.7543) or among treatment types (E, C) applied to young colonies ( Fig. 3b ; Mann-Whitney Z = -0.040, p = 0.9604). However, extract activity was significantly higher in E vs C samples from mature colonies ( Fig. 3b ; paired t-test, t = -2.606, p = 0.0285).
Local and geographic variation in extract activity
Mean inhibition of fungal growth rate (Kruskal-Wallis H = 101.738, p < 0.0001, df = 8) and variance in growth rate (Levene test, F = 2.262, p = 0.0236) varied across sites in the Florida Keys (Fig. 4) . Neither mean fungal growth rate inhibition (1-way ANOVA, F = 0.7897, p = 0.4572) nor growth rate variance (Levene test, F = 0.2129, p = 0.886) varied across sites in San Salvador (Fig. 4) . Disease pressure (disease prevalence × disease severity, after Goldberg & Makemson 1981) did not significantly correlate with the mean activity characterizing each site ( Fig. 5 ; regression R 2 = 0.029, F-ratio = 0.206, df = 7, p = 0.6637). However to test the hypothesis that disease severity was correlated with variation in activity at a site, the effect of disease pressure on the coefficients of variation of activity characterizing each site was analyzed by regression. Variation is negatively related (p < 0.10) to disease pressure ( Fig. 6 ; regression R 2 = 0.3989, df = 7, F-ratio = 4.63, p = 0.0685). Aspergillus sydowii by 42% compared to controls. However, the degree of inhibition varied significantly among colonies (13 to 83%); if genetically based, this is variation which selection by disease may act upon. Some of the variation in resistance is correlated with ecologically relevant parameters, including fan height, geographic location, and extract per coral weight (Table 1) . Anti-fungal activity against A. sydowii, is negatively related to EPCW (Table 1) . Sea fans with a relatively low mass of extract generally had high activity. The impact of aspergillosis on sea fans is magnified because large colonies, which normally add disproportionately to the reproductive pool (e.g. Brazeau & Lasker 1990) , are being affected more severely than are sea fans of smaller size classes (Nagelkerken et al. 1997b , Kim & Harvell 2001 . Three hypotheses to explain increased disease prevalence in large fans are: (1) a positive relationship between probability of infection and surface area, (2) a greater age and hence longer exposure time of large fans relative to small fans, and (3) greater chemical, cellular, and/or structural resistance to the disease in small fans relative to large fans (size-specific defense). In support of the size-specific defense hypothesis, extract activity was negatively correlated with fan height among the survey fans (Table 1 ). Higher anti-fungal activity measured in smaller colonies indicates that size-specific defense explains some of the bias in disease prevalence patterns towards larger colonies, although both longer exposure time and greater exposure area of larger fans are also likely to contribute.
DISCUSSION

Chemical constituents of
The inoculation experiment comparing mature vs young fans is an experimental approach to assessing the size-specific defense hypothesis. Since identical treatments in the same tanks were applied for equivalent lengths of time, any response differences between mature and young colonies to treatments cannot be explained by either the surface area or exposure time hypotheses. Young fans were much more resistant to developing lesions associated with the inoculation treatment than mature fans (Fig. 3a) . Young colonies in the mesocosms had both higher levels of anti-fungal activity and were more resistant than mature colonies to inoculation treatments (Fig. 3a,b) . The anti-fungal data also shows an increase in anti-fungal chemistry of clonal pieces of mature fans exposed to Aspergillus sydowii, suggesting induction of resistance in mature colonies (Fig. 3b) . Induction of resistance in mature colonies is consistent with Kim et al.'s (2000a) finding that anti-fungal activity was elevated surrounding A. sydowii lesions, and possibly consistent with Slattery's (1999) finding that the chemical composition of extracts from diseased fans differed from healthy fans. Alker (2000) also detected an induced structural response in diseased sea fans.
Size-specific defenses are a common pattern in plants and are explained by 2 theories. In plants, concentrations of some secondary metabolites are highest during early stages of seedling growth and leaf expansion, and/or are synthesized only in young tissue (Cates & Rhoades 1977 , Puttick 1986 , Porter et al. 1992 . Optimal defense theory states that chemical defenses are allocated in accordance with tissue value. An extension of this theory to sea fans would suggest that small fans should be more chemically defended than large fans due to the relative tissue value of small versus large fans. A tissue value argument seems particularly plausible in this case because infected small colonies 145 Fig. 5 . Gorgonia ventalina. Mean (± 1 SE) activity of sea fan extracts vs disease pressure (disease prevalence × disease severity) associated with each Florida Keys site. Extract activity is % growth inhibition of Aspergillus sydowii relative to no-extract and acetone controls Fig. 6 . Gorgonia ventalina. Regression of coefficient of variation in sea fan extract activity on disease pressure (disease prevalence × disease severity) associated with each Florida Keys site. Extract activity is % growth inhibition of Aspergillus sydowii relative to no-extract and acetone controls would suffer a greater proportional partial mortality loss than large fans if diseased. Thus, the benefits of defending a colony are likely to be greater for small than for large colonies. Another possible explanation is the growth-differentiation balance (GDB) hypothesis (Loomis 1932) . The GDB hypothesis posits a tradeoff between growth and plant defenses, which could lead to an inverse relationship between plant size and defenses among plants of similar age classes. This theory predicts that among fans of similar age classes, large sea fans are disproportionately represented by rapidly growing, poorly defended individuals, whereas small fan height classes are disproportionately represented by slow-growing, well-defended individuals. Correlation between growth rate and level of resistance cannot be resolved here without growth rate data. Thus, greater resistance of small fans may arise from either greater selection for defense in small individuals or from an accumulation of resistant individuals in small size classes. Inoculation experiments provided evidence for induction of resistance in large fans. From this we predicted that diseased fans in the census would have higher levels of anti-fungal activity than healthy fans. Disease status did not have a significant predictive power in determining activity in the whole-model regression (Table 1) . However, the contribution of genotype and environment cannot be disentangled in the census data. For example, the pattern we observed could result if constitutively more susceptible fans became infected first but, by the time of the census, had exhibited an induced response that brought them to levels comparable to uninfected fans.
As initially hypothesized, anti-fungal activity varies significantly among sites in the Florida Keys. With the exception of Looe Key, the activity decreases from upper to lower Florida Keys (Fig. 4) , with one of the most extreme differences being observed between Carysfort, the uppermost and most active site, and Marquesas, the lowermost and least active site. In contrast to the Florida Keys, no significant variation was observed among sites in San Salvador (Fig. 4) . This may be due, at least in part, to the difference in scale of site comparison. The Florida Keys sites spanned 325 km, and sites were an average distance of 40 km apart. In contrast, the San Salvador sites were within 4 km of each other, and thus may not represent significantly different genetic pools or environments. However, other species of gorgonians do vary chemically and genetically across extremely short spatial scales. Gene frequencies and secondary chemistry in Briareum asbestinum varies even across a 10 m depth cline and shows large spatial variation (Harvell et al. 1993 , Brazeau & Harvell 1994 . Local variation was not observed across a depth cline in sea fan anti-fungal activity in San Salvador. In the Witches' Cauldron/ Snapshot comparison, activity and variation levels did not vary significantly with depth (Fig. 4) . This result suggests that the increase in disease prevalence and severity observed with increasing water depth (Nagelkerken et al. 1997a,b) are not explainable by differences in chemical resistance, at least not at these sites in San Salvador.
Under a hypothesis of natural selection by disease, populations of sea fans are predicted to have the highest activity and lowest variation at sites most impacted by aspergillosis. In this study, the mean activity level did not correlate with disease pressure: in the Keys the 2 extreme activity sites, Carysfort & Marquesas, have similar disease pressures (Fig. 4 & Table 2 ) which are among the lowest (Fig. 5) we recorded. However the variance in anti-fungal activity did correlate strongly across sites as a function of disease pressure (Fig. 6) . Sites with the highest disease pressure had low variation in anti-fungal activity (Fig. 6) , consistent with the predicted effect of selection. Ultimately the ability to detect natural selection acting on sea fan resistance will depend on the degree of differential mortality and the degree of genetic mixing among sites. Because these are partially open marine systems with dispersing larvae (Thorson 1950 , Palumbi 1992 , Warner 1997 ), mixing will counteract effects of selection and make it less detectable. Natural selection on phenotypic characters has been detected previously in wild populations. Male guppies evolved delayed maturity and larger size at maturity within 4 yr of exposure to predation pressures (Reznick et al. 1997 ). Galápagos finch populations, which experienced mortality rates of 85% due to draught, displayed significant changes in beak width within a year (Grant & Grant 1995) . Despite these and many more successes in estimating selection, Kingsolver et al. (2001) (Kim & Harvell unpubl. data) . Disease prevalence: mean % diseased fans; disease severity: mean % of fan diseased; disease pressure: disease severity × disease prevalence tional selection in the wild. However, there are currently no quantitative estimates of selection and rates of evolution of resistance for host-pathogen systems in the wild. Mortality levels due to aspergillosis were estimated to exceed 20% per year at some sites in the Florida Keys (Kim & Harvell 2001) ; current estimates are far higher. This level of mortality, if it is differential with respect to coral resistance, is sufficiently strong to affect variance in resistance. In addition to mortality, selection is also imposed by disease impact on coral fitness, which is probably large when severity (percent of a coral colony damaged) exceeds 50%. In colonial organisms, partial mortality is often just as or more important than colony mortality (Hughes & Jackson 1985 , Alker 2000 . Diseases with low mortality yet high prevalence and severity can have stronger selective impacts on populations than high mortality diseases (McCallum & Dobson 1995) . The absence of a correlation between mean resistance level and disease pressure is not surprising, even if selection is strong (Fig. 5) . Counteracting the ability to detect selection on chemical activity are the degree of genetic mixing among sites (Warner 1997 ) and environmental effects on sea fan chemical defenses. Sea fan genetic structure and larval dispersal potential are unknown, but sea fan larvae are thought to disperse relatively far in this species. One possibility is that the level of chemical activity observed among sites in the Florida Keys is the result of local genetic differentiation. Even among widely dispersing marine species, differentiation of local populations is common in marine systems (Hedgecock 1986 , Warner 1997 and is particularly detectable among philopatrically dispersing gorgonians (Brazeau & Lasker 1990 , Harvell et al. 1993 , Brazeau & Harvell 1994 . Such differentiation can occur despite gene flow when there is strong postsettlement selection (Burton & Feldman 1982 , Jablonski & Lutz 1983 , Hedgecock 1986 or differential larval dispersal (Hedgecock 1986 , Sammarco & Andrews 1989 , Hughes et al. 1999 , Yu et al. 1999 ). Thus, both past and current selective forces may have caused the anti-fungal activity observed at each site and historical selection may be limiting our ability to observe current selection. Finally, as in many studies, we are basing our ranking of disease pressure on a single time interval (although this variable should integrate over at least short time scales) and cannot rule out the likely possibility that disease pressure fluctuates over time among sites.
Inducible activation of antifungal resistance could also obscure detection of natural selection. There is a strong indication from this study and others (Alker 2000, Harvell et al. unpubl . data) that increased antifungal resistance in sea fans is induced by Aspergillosis sydowii. Thus, differences in chemical activity observed among sites could also be influenced by other environmental factors (e.g. water quality parameters such as turbidity, nitrate levels [Fleury et al. 2000] , temperature, or previous pathogen attack). High levels of phenotypic plasticity can significantly inhibit the detectability of natural selection. In plants, a correlation between levels of induced and constitutive resistance has only been found in wild parsnips (Zangerl & Berenbaum 1990) , and not in other plants assayed (Brody & Karban 1992 , Thaler & Karban 1997 , EnglishLoeb et al. 1998 . Also in wild parsnips, induced resistance is sensitive to environmental factors including productivity, shading and type of biotic cue (Berenbaum & Zangerl 1999) . Levels of inducible and constitutive resistance have not been assayed in the traits of most colonial invertebrates. For morphological defenses of colonial invertebrates, Harvell (1998) showed that the length of both induced and constitutive defensive spines in bryozoans varies with clone. Understanding the relative contribution of induced and constitutive resistance to fungi in sea fans is fundamental to the ability to eventually detect selection on resistance (Harvell et al. unpubl. data) . Although selective factors can have a detectable impact on the mean trait values of some populations over even a single generation (e.g. Dirzo & Harper 1982 , Berenbaum et al. 1986 , Simms & Rausher 1989 , Marquis 1990 , Simms & Fritz 1990 , Grant & Grant 1995 , Mauricio & Rausher 1997 , Reznick et al. 1997 , Yunchang et al. 1999 , strong environmental effects on plant and coral resistance may reduce the likelihood of detecting changes in the means. However, the strong correlation we detected between low variance in resistance and high disease pressure suggests that natural selection by the pathogen A. sydowii may be detectable.
